similar findings see also Kilbreath & Gandevia, 1994) . MVC by several fingers acting in parallel has been shown to be smaller than the sum of the MVCs of these fingers in singlefinger tasks; this effect was called force deficit ; for similar findings see also Ohtsuki, 1981; Kinoshita et al. 1996) . The main purpose of the present study was to investigate the possibility of changes in the central organisation involved in force production by a set of fingers under fatigue. This object of study is particularly attractive because of the relatively simple recording of forces produced by individual digits. Besides, the different anatomical points of attachment of extrinsic and intrinsic muscles (Kendall et al. 1971; Close & Ralston, 1973; Basmajian & De Luca, 1985) present an opportunity to vary the relative involvement of these muscle groups by changing the point of force application. Effects of fatigue on multifinger force production have been reported extensively for handgrip strength (Loscher & Gallasch, 1993; Bembem et al. 1994; West et al. 1995) . However, these studies focused on total force changes rather than on possible changes in the interaction of forces produced by individual fingers. Within this study, we asked questions about changes in force-sharing patterns, enslaving and force deficit under fatigue. In particular, we expected the basic rule of force sharing to be valid under fatigue so that the principle of minimisation of secondary moments holds. Prior to fatigue, force deficit during multidigit force production tasks may be expected to result from a lack of recruitment of the largest motor units (size principle; Henneman et al. 1965 ; Fig. 1 ). During a fatiguing exercise involving all four fingers, these large motor units (F× in Fig. 1) will not work because of the force deficit phenomenon. So, the next largest group of motor units (Fµ in Fig. 1 ) is expected to fatigue. As illustrated by Fig. 1 , this may lead to a preserved force deficit in absolute units and an increase in the relative force deficit quantitatively related to the fatigue-induced drop in the total force.
METHODS

Subjects
Fourteen right-handed subjects participated in this experiment (9 men and 5 women), aged 28·2 ± 8·7 years. The subjects had no previous history of neuropathies or trauma to the upper extremities. All subjects gave informed consent according to the procedures approved by the Compliance Office of the Pennsylvania State University. They were informed on the design of the study and the exact number of trials they were expected to perform.
Apparatus
Four unidirectional piezoelectric force sensors (208A03, PCB Piezotronics, Inc., Depew, NY, USA) were used for force measurement. The sensors were each connected in series with wire cables that were suspended by swivel attachments from slots in the top plate of the inverted U-shaped frame of the experimental device (see Fig. 2A for a schematic illustration of the experimental set-up). The slots were placed 30 mm apart from each other in the medio-lateral direction and allowed fore-aft adjustment of the wires to accommodate an individual subject's anatomical differences in finger length. The fingers applied force to rubber-coated loops located at the bottom of each wire. These loops could be placed either in the middle of the distal phalanxes or in the middle of the proximal phalanxes. A hand fixation device was located at the bottom of the frame and used to stabilise the palm of the hand and to ensure a constant hand configuration throughout the experiment. The subjects were instructed to keep their forearms flat on the supporting surface, which was at the same height as the support Total force (shown by the horizontal bars) is produced by small motor units (MUs; F1), medium-size MUs (Fµ) and large MUs (F×) . Force deficit during four-finger tests prior to fatigue (Dpre) is due to the lack of recruitment of the largest MUs (cf. the upper and lower left drawings). Fatigue leads to derecruitment of medium-size MUs (upper right drawing). Absolute force deficit is expected to be constant, whereas relative force deficit is expected to increase under fatigue (Dpost; lower right drawing). point of the hand fixation device. The subjects were seated in a chair facing the test apparatus with the upper arm at approximately 45 deg of abduction in the frontal plane and 45 deg of flexion in the sagittal plane, and the elbow at approximately 45 deg of flexion (full extension being 0 deg). The wrist was fixed at 20 deg of extension (hand and forearm aligned corresponding to 0 deg) and the fingers were positioned so that there was 20 deg of flexion at the metacarpophalangeal joints. In addition, to make certain that the subjects produced only vertical forces, the wires that were connected in series with the load cells had to maintain a vertical orientation (no major medio-lateral or fore-aft movement was allowed). Due to the employed experimental procedure all four finger forces were parallel to each other.
Procedure
In each trial, the subjects were asked to press as hard as possible (maximal voluntary contraction, MVC) with one particular finger or with all four fingers during a period of about 2 s. The rate of force production to reach the MVC was not explicitly prescribed, but the subjects had to reach it within 2 s. All the individual finger forces and their sum were displayed on-line on the screen in front of the subject. Two vertical lines were drawn on the screen to indicate to the subject when he or she had to generate a MVC. At the beginning of each trial, prior to force production, the software automatically adjusted the initial value of the sensor signals to zero, so that the weight of the hand and other passive forces were not part of the recorded forces. The total duration of each trial was approximately 5 s. During single-finger MVC tasks, the subject was asked to pay no attention to forces produced by the other fingers as long as the explicitly involved finger generated its maximal force. The explicitly involved fingers will be termed master fingers while other forceproducing fingers will be termed slave fingers. The subjects were given several practice trials before testing began. Three experimental factors were manipulated. (1) Measurements before and after fatiguing exercise were used to evaluate the effects of fatigue (fatigue factor). The fatiguing exercise consisted of 60 s at 100% of MVC with all four fingers acting together. (2) The protocol was repeated on different days for two sites of force application during the fatiguing exercise, the middle of the proximal phalanxes Li, 1998) . ADC, analog-todigital converter. B, schematic illustration of the protocol. Abbreviations: PROX, proximal; DIST, distal; I, index finger; M, middle finger; R, ring finger; L, little finger; IMRL, all four fingers acting together. C, a typical trial by a representative subject at a MVC test using the middle finger. The vertical line indicates the moment of maximal force production by the middle finger when all the measurements were taken. Note the simultaneous force production (enslaving) by the other fingers. D, a typical set of data recorded during a mini-session. For each test, the force of each finger is reported at the time of MVC. Numbers in bold represent the forces produced by the master fingers; other numbers are the forces produced by the slave fingers. The figure illustrates the definitions of enslaving, force deficit and sharing (see text for more details). and the middle of the distal phalanxes (exercise site factor). (3) During tests prior to and after the fatiguing exercise, MVCs were recorded during force application at the distal and at the proximal phalanxes (test site factor). The organisation of the experimental sessions is illustrated in Fig. 2B . Each session (before and after exercise) consisted of 10 trials organised into two mini-sessions. Within a mini-session, MVCs were performed successively for single-finger tasks, index (I), middle (M), ring (R) and little (L), and in the four-finger task (IMRL). The order of the tests was randomised. Each session included one mini-session with the loops positioned at the proximal phalanxes and one with the loops at the distal phalanxes. To avoid fatigue in the pre-session (before fatiguing exercise), individual trials were separated by 20 s of rest (cf. Valero-Cuevas et al. 1998) . In order to maintain the level of fatigue during the post-session (after the fatiguing exercise), at the end of each trial the subjects had to repeat the same fatiguing exercise for an additional period of 20 s. This kept force recovery during the post-session to under 10%. The total duration of one test (pre-session, fatiguing exercise, and post-session) was about 30 min. There was at least 1 day of rest between two tests that involved fatiguing exercises at the proximal site and at the distal site of force application. For a given subject, and a given fatiguing exercise, the order of proximal and distal tests was the same in the pre-and post-session. However, this order was pseudorandomised (balanced) across subjects, and across the types of fatiguing exercise (distal and proximal). In particular, half of the subjects started the experiment with the fatiguing exercise at the proximal site of force production, and the other half started with the fatiguing exercise at the distal site of force production.
Data acquisition and processing
The output of the sensors was sent to four separate ACÏDC signal conditioners (M482M66, PCB Piezotronics). A 12-bit analog-todigital converter was used for digitising analog output. A Gateway (Pentium 133) microcomputer was used to control the experiment, acquire and process the data (see Fig. 2 ). A LabView program was used to collect the force signals from each force transducer for 5 s at the sampling frequency of 66 Hz. The digital signals were then converted into force values. The collected data were stored on the computer for off-line processing. The corresponding files were processed using a Matlab program. The force data were first digitally low-pass filtered with a second-order Butterworth filter at 5 Hz. Then, as shown in Fig. 2C , within each trial, the force value for each finger was extracted at the moment when the maximal force value was reached for the explicit task. A typical set of data recorded during a mini-session is presented in Fig. 2D . Within each mini-session several dependent variables were calculated, as described below.
Force deficit. The maximal force produced by four fingers acting in parallel is smaller than the sum of the maximal forces of each finger during single-finger force production. Force deficit for four fingers was defined as the difference between the sum of MVCs during the single-finger tasks and the maximal total force in the four-finger task (absolute force deficit). Force deficit was further expressed as a percentage of the former value (relative force deficit); the contribution of one finger, L, to force deficit is indicated in Fig. 2D . Force deficit for a single finger was defined as the difference between that finger's MVC in a single-finger task and its maximal force in a four-finger task. Force deficit could be expressed in absolute units (N) and as a percentage of MVC of that particular finger in the single-finger task.
Force sharing. The force share of a finger in a four-finger task was defined as the percentage of force generated by this finger compared to the total force in the task (see Fig. 2D ). Note that the sum of the four individual shares is equal to 100%.
Enslaving. Twelve enslaving forces were produced within a minisession (see the non-bold numbers in Fig. 2D ). Enslaving was expressed as the mean value of all these forces, so it represents the mean amount of force produced by a slave finger (in N) during a single-finger task. It was further expressed as the mean percentage of MVC exhibited by each slave finger during a single-finger task.
The position of the neutral line. The neutral line is an imaginary line parallel to the longitudinal axis of the hand with respect to which the sum of the four moments generated by individual finger forces is zero. The position of the neutral line was expressed in centimetres from the M finger (positive values indicate that the neutral line is between M and L, whereas negative values indicate that it is between I and M). We assumed point force application for each individual finger, no horizontal forces and a constant interval of 3 cm between each pair of fingers. Therefore the mathematical expression of the neutral line position (N, expressed in cm) based on individual finger forces (Fi, where i = I, M, R, L) is as follows:
ÓFi Given that each cable could move ±1 mm laterally, the maximal estimated error resulting from this computation of the neutral line position is 1 mm.
Statistical analysis
Repeated-measures three-factor ANOVAs were used; the factors (test site, fatigue and exercise site) are described earlier in the text. Sharing patterns were compared using multivariate ANOVAs (MANOVAs) including the same three factors. Rao's R was used to assess the significance of these tests. Because the four individual shares did not constitute a set of independent variables (since their sum was always 100%), sharing patterns were compared using three shares only (for M, R and L). All statistical analyses were performed using Statistica software.
RESULTS
Changes in MVC
There were no significant differences in most of the studied indices between the male and female subgroups (with the obvious exception of higher MVCs demonstrated by males). Therefore, we present analyses of pooled data across all the subjects. After fatiguing exercise, MVC in four-finger tasks dropped in all subjects, the mean MVC across all conditions being 139·9 versus 89·7 N, respectively, for the pre-and post-session (see Table 1 ). Higher MVCs were produced during force generation at the proximal site than at the distal site (137·2 versus 92·4 N, respectively; a main effect of test site, F1,13 = 12·89, P < 0·05). The drop in MVC was always higher when measured at the site of the fatiguing exercise. For instance, as illustrated in Fig. 3 , when the fatiguing exercise was performed at the proximal site, the mean force drop across individual subjects was 42·6% during force production at the proximal site, and 20·3% during force production at the distal site. When the fatiguing exercise was performed at the distal site, the effects were reversed, i.e. the mean force drop was 43·2% versus 25·4% at the distal and proximal site, respectively. When individual finger MVCs were compared during the preand post-sessions, all MVCs dropped on average from 39·5 to 30·4 N. MANOVAs confirmed significant main effects of fatigue (R4,10 = 17·20, P < 0·05) and test site (R4,10 = 5·59, P < 0·05). ANOVAs of individual MVCs produced similar results. For each finger, we found significant main effects of fatigue (F1,13 > 19·5, P < 0·001) and test site (F1,13 > 9·33, P < 0·01). An additional ANOVA (exercise siteÏtest siteÏfinger) showed that the magnitudes of the force drop induced by fatigue in single-finger tasks were comparable across fingers (see Fig. 3 ), i.e. all fingers were similarly affected by fatigue (F3,39 < 0·40, P > 0·05). We also found a significant interaction between test site and exercise site (F1,13 = 20·19, P < 0·05) demonstrating a higher drop in the MVC at the site of the fatiguing exercise. More specifically, we observed a drop in the MVC at the distal site after a prolonged exercise at the proximal site, and at the proximal site after a prolonged exercise at the distal site. The magnitude of these effects of the spread of fatigue was expressed as the ratio of the drop measured at the non-exercise site to the drop seen at the site of the exercise. The mean magnitude of this ratio was 0·48 ± 0·18 (s.d. is across the fingers) for the exercise at the proximal site, and 0·78 ± 0·12 for the exercise at the distal site.
Force deficit
As illustrated in Table 2 (see also Fig. 4) , the force deficit in the four-finger tasks increased with fatigue. This increase was significant when the force deficit was expressed both as a percentage of the corresponding MVC and in absolute units (N) (F1,13 > 9·05, P < 0·05). Across all conditions, the values of the mean force deficit in the pre-and post-sessions were 12·7 and 25·4%, respectively (or 19 and 32·3 N, respectively) . The effect of fatigue was larger when measured Multifinger force production under fatigue J. Physiol. 523.2 527   ----------------------------------------------------------------------------------------------------------------------- 
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Means and s.e. across subjects are presented (in N). Abbreviations: Prox, proximal; Dist, distal; I, index finger; M, middle finger; R, ring finger; L, little finger; IMRL, all four fingers acting together; I + M + R + L, sum of the forces generated by individual fingers in single-digit MVC tests. The last column shows statistically significant main effects and interactions (P < 0·05) in corresponding ANOVAs: E, exercise site factor; F, fatigue factor; T, test site factor. at the site that was involved in the fatiguing exercise. For instance, after the exercise at the proximal site, the relative force deficit increased by 122% when measured at the proximal site, while it only increased by 59% when measured at the distal site.
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Enslaving
When enslaving was quantified as the mean force produced by slave fingers in single-finger tasks, there was a significant drop in enslaving after exercise (F1,13 = 10·82, P < 0·05; 8·1 versus 5·6 N). Larger enslaving effects were seen during force production at the proximal site than at the distal site (F1,13 = 23·76, P < 0·05; 9·1 versus 4·6 N). However, given that all MVCs dropped after fatigue, it appeared necessary to consider the enslaving effect after normalisation to the actual MVCs observed prior to and after the fatiguing exercise. After this procedure, the effect of fatigue almost reversed (F1,13 = 3·60, P = 0·08), indicating a tendency for higher enslaving under fatigue (19·8 versus 22·1%). The enslaving effect remained unchanged when measured at the site involved in the fatiguing exercise (F1,13 = 2·17, P > 0·05), whereas it increased when measured at the other site (F1,13 = 14·44, P < 0·05; 19·9 versus 26·6%). After normalisation, larger enslaving effects were seen during force production at the proximal site than at the distal site (F1,13 = 6·93, P < 0·05; 23·1 versus 18·8%).
Sharing patterns
Sharing patterns are illustrated in Fig. 5 . There were no effects of fatigue (R3,11 = 2·31, P > 0·05), whether the exercise was performed at the proximal or at the distal site (R3,11 = 0·93, P > 0·05). However, sharing patterns were significantly different when measured at the distal and at the proximal phalanxes (R3,11 = 5·35, P < 0·05). In fact, there was an effect of fatigue on the sharing patterns, but this effect depended on the site of force production during --------------------------------------------------------------------------------------------------------------------- 
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Means and s.e. across subjects are presented. Abbreviations as in Table 1 . the pre-and post-sessions, as shown by a significant interaction between fatigue and test site (R3,11 = 6·44, P < 0·05). When data recorded at the proximal and distal sites were analysed separately, a significant effect of fatigue was found for both sites (R3,11 > 4·57, P < 0·05). However, as illustrated by Fig. 5 , the magnitude of this effect was rather small: the mean change in a finger share induced by fatigue was 1·6%.
Neutral line
There was no effect of fatigue on the position of the neutral line. One-way ANOVAs revealed no significant difference in the neutral line position between force production at the proximal and distal sites at the pre-session (F1,13 = 0·99, P > 0·05), whereas there was a difference during the postsession (F1,13 = 13·52, P < 0·05) (see Table 2 ). The magnitude of the observed effects was rather small: the largest change induced by fatigue was 0·2 cm.
DISCUSSION
After the fatiguing exercise, we observed an approximately 40% drop in MVC when the subjects were asked to produce force with all four fingers by the same phalanxes (distal or proximal) that were used during the exercise. This observation is similar to the 40% drop in grip strength described by Little & Johnson (1986) after a 90 s exercise at 80% of the MVC. Effects of fatigue on the maximal force produced by all four fingers were also seen when the subjects were asked to produce MVC at the other site, i.e. at the distal phalanxes after a fatiguing exercise at the proximal phalanxes, or vice versa. These effects were smaller by about 50% as compared to the effects seen at the site of the exercise. A number of findings suggest that fatigue-induced effects were not limited to changes in the force-producing capabilities of individual muscles. Changes at a neural level of finger co-ordination may be inferred from a number of observations considered later in the Discussion.
Effects of fatigue on the sharing pattern There were only minor changes in the sharing pattern after the fatiguing exercise; maximal changes in a finger's share were under 2·5%. Hence, we feel it is safe to conclude that the solution used by the subjects' CNS to the ill-posed problem of force distribution among the fingers was basically unchanged under fatigue. With respect to the sharing pattern, fatigue may be viewed as a natural 'perturbation' changing the force-generating capabilities of the muscles. In our experiments, all the fingers showed similar drops in their MVCs with fatigue despite the fact that they produced different percentages of their individual MVCs (measured in single-digit tasks) during the fatiguing exercise. The preservation of the sharing pattern in such conditions is a non-trivial outcome particularly when compared to substantial changes in other indices of multifinger co-ordination such as force deficit. In previous papers (Li et al. 1998a,b) , the sharing pattern was viewed as partly defined by the principle of minimisation of secondary moments (see Introduction). Very small changes in the position of the neutral line under fatigue provide additional support for the principle of minimisation of secondary moments and demonstrate that the principle holds under fatigue. Although the level of fatigue was homogeneous across fingers (as revealed by similar relative drops in the MVCs measured in single-finger tasks), we found slight changes in the sharing pattern, so minor adjustments at the level of the synergy formation cannot be excluded. To our knowledge, only one other study has addressed possible changes in the force-sharing pattern under fatigue (Sparto et al. 1997) . In this study, the authors investigated a repetitive lifting task and found that, despite changes in the kinematics, the load sharing between the hip and the spine was relatively unchanged. These findings are compatible with an assumption that the same general rule of force sharing is used after a fatiguing exercise, i.e. that the synergy is stable against fatigue. 
Effects of fatigue on force deficit
In previous studies (Li et al. 1998a,b; Zatsiorsky et al. 1998; Latash et al. 1998a) we suggested that effects of force deficit and enslaving could be attributed to either peripheral factors (such as the presence of multidigit muscles and tendinous connections) or a particular central organisation of descending commands, or both. In a later study, however, we described the effects of force deficit of comparable magnitudes during force application at the proximal phalanxes (Li et al. 2000) . Note that these effects were also observed in the present study. The insertion points of intrinsic flexor muscles make them prime movers for force generation at the proximal phalanxes. These muscles, however, are digit specific, and the strength of their tendinous connections is relatively low (Schieber, 1991; Kilbreath & Gandevia, 1994) . Therefore, one may assume that the mentioned peripheral factors are unlikely to play a major role in defining the observed interdependence of individual finger forces. In particular, force deficit is more likely to emerge at a central, neural level defining the distribution of commands to individual muscles (see Zatsiorsky et al. 1998) . In the Introduction, we suggested a simple scheme (Fig. 1 ) that predicted an increase in force deficit under fatigue based on the size principle of motor unit recruitment (Denny-Brown & Pennybacker, 1938; Henneman et al. 1965) . Though rather simplified, this scheme has received support in a recent study (Fuglevand et al. 1999 ) conducted on hand muscles, which demonstrated that fatigue effects were larger in motor units initially exerting large forces. Note, however, that violations of the size principle during prolonged force production at submaximal levels have been reported (Nordstrom & Miles, 1991) , as has the possibility of a turnover in motor units (Zijdewind et al. 1995) . The scheme illustrated in Fig. 1 predicts a quantitative relationship between a drop in MVC and an increase in relative force deficit under fatigue. According to this scheme, a drop in single-finger MVC by 25% (a typical result in our study) is expected to lead to an increase in relative force deficit by about 33%. Actual changes in force deficit in the study ranged from 60 to 120%, i.e. they were two-to fourfold higher than those predicted based solely on the size principle. The same scheme predicts no changes in the force deficit measured in absolute units. However, the force deficit increased significantly under fatigue (by approximately +60%) when measured in absolute units (N). This observation suggests that there must be other causes for the increase in force deficit under fatigue. Originally ), the force deficit was viewed as resulting from a ceiling effect on the central neural drive to all the muscles involved in the task: the CNS was assumed to be unable to activate maximally all muscles or muscle compartments at the same time. In the present experiments, the ceiling effect remains the only candidate to support quantitative change in the force deficit (see also below), and we believe that this effect may be directly modified by the level of fatigue.
Effects of fatigue on enslaving Enslaving may be viewed as an index of an inability to produce force by individual digits without involving other digits of the hand (see Methods). The changes in enslaving with fatigue were most unexpected. No significant changes were observed when the test was performed at the site that had produced force during the fatiguing exercise. However, when subjects tried to produce MVCs with individual fingers at the other site, the enslaving effects increased corresponding to less-selective control of individual digits. Note that other effects of fatigue, such as the drop in MVC and an increase in the force deficit, were larger when measured at the same site that had been involved in the fatiguing exercise than when measured at the other phalanxes. These observations suggest changes under fatigue in central neural mechanisms that define coordination of muscles and muscle compartments serving individual fingers.
Central versus peripheral changes with fatigue
Earlier studies reported that a drop in muscle force after a prolonged sustained contraction at a high force level was due to peripheral changes in the ability of the muscle to generate force (for references see Introduction). Note that virtually all these studies were performed using tasks that did not involve an explicit problem of multielement co-ordination. A number of findings of our study suggest that the effects of fatigue were not limited to changes in the force-generating capabilities of the muscles. These involve, in particular, (1) the large spread of fatigue across sites of force production (cf. Harding et al. 1993; Li et al. 2000) , (2) the disproportionate increase in the force deficit, and (3) the counter-intuitive or even puzzling changes in the enslaving. Recent studies (Sacco et al. 1997; Kent-Braun, 1999 ) point in the same direction: a loss in force is not necessarily related to force-generating muscle properties, while more complex neural mechanisms can be involved. In particular, Sacco et al. (1997) showed a spread of fatigue over synergistic muscles, e.g. the medial and lateral gastrocnemius. After a prolonged electrical stimulation of the lateral gastrocnemius only, these authors observed a drop of 52% in the EMG for the lateral gastrocnemius, but also a 29 % drop in the EMG for the medial gastrocnemius, which was not subjected to the stimulation. Interestingly, changes at the central neural levels of control were accompanied by relatively unchanged characteristics of force sharing among the fingers. Apparently, the redundancy of the system is large enough to allow for adjustments with fatigue that do not violate the basic organisation of the synergy, in particular the principle of minimisation of secondary moments.
Limitations of the study and concluding comments
Probably the most significant limitation of this study is the lack of control of muscle activation levels using EMG. In particular, this limits our ability to interpret the data in terms of the involvement of intrinsic and extrinsic muscles and in terms of the relative contribution of the active and passive forces during enslaving (Kilbreath & Gandevia, 1994; Leijnse, 1998) . This limitation is not easy to overcome since intramuscular EMG is likely to make MVC trials uncomfortable and interfere with natural performance. Note, however, that Kilbreath & Gandevia (1994) have shown that, as soon as a finger produces a force greater than 20% of its MVC, EMG activity can be recorded in muscles serving adjacent fingers. This supports an involvement of central neural mechanisms in the enslaving effects during our single-finger MVC trials. Fatigue of all four fingers acting in parallel may be viewed as a relatively natural phenomenon associated with prolonged grasping tasks. It is not unexpected, therefore, that changes at a central neural level induced by fatigue are organised to preserve the basic synergy defining the pattern of force sharing among the fingers. We would predict, however, that fatigue in a less natural task could lead to a major modification of the synergy, reflected in grossly changed sharing patterns and violations of the principle of minimisation of secondary moments. Such a study, when only one of the fingers will participate in a fatiguing exercise, is included in our immediate plans.
Allen, G. A., Gandevia, S. C. & Middleton, J. (1997) . Quantitative assessments of elbow flexor muscle performance using twitch interpolation in post-polio patients: no evidence for deterioration.
Brain 120, 663-672.
